Abstract. The aim of this paper is twofold. First, to provide a statistical overview of the literature on public transit efficiency performance. Second, to statistically explain the variation in efficiency findings reported in the literature. To this end, first some key concepts of efficiency analysis will be introduced, while next the different frontier methodologies that are used in the literature will be discussed. The empirical part of this paper consists of a statistical summary of the literature as well as meta-regression analyses for different samples of the literature in order to identify key determinants of technical efficiency (TE) of public transit operators. For a broad sample of observations, we found significant and consistent effects of the type of database, region and output measurement method. For the sample of non-parametric studies we found that the type of frontier assumptions also have an impact on the efficiency ratio. Further results show that there is no statistical difference in TE ratio's between parametric and non-parametric studies. Finally, we found a positive univariate relationship between the number of inputs in the estimated specification and the efficiency ratio.
Introduction
Urban transit, including bus, ferries, trams, light rail and metros, makes up a major part of the transportation network in an economy. Although travel patterns in most developed countries are increasingly dependent on the car (see Banister 2000) , causing a declining trend in transit demand in most industrial economies, urban transit remains an important transport mode. Urban transit services are provided by public, private or mixed companies in a highly regulated environment. Moreover, important constituents of the transportation infrastructure are essentially (semi-) public goods. There are sound economic reasons for a significant degree of state intervention in this field, based mainly on the recognition of a variety of market failures (see, for example, Kerstens 1996). In the past two decades, however, serious concerns about possible regulatory failures have led to a reassessment of the role of the state in the organization of the sector (see Glaister et al. 1990) .
In view of these concerns it is of great interest to investigate whether urban transit operators work in a technically efficient way (i.e. reach economic targets such as cost minimization or output maximization conditional on output or input constraints). Solid technical efficiency (TE) measurement can provide a significant contribution to the discussion on the relative merits of private versus public provision of transportation services. From the early 1980s onward various frontier estimation techniques have been developed to determine best practice behaviour in an industry. Frontier methodologies allow for distinguishing between efficient and inefficient production and the estimation of the degree of (in)efficiency. In the transportation literature, frontier methods have been used in efficiency studies on almost all transport modes. A comprehensive survey of frontier methodologies and empirical results for urban public transport has recently been published (De Borger et al. 2002) . While this survey provides a good overview of the literature on public transit performance, deeper insights can be obtained by using quantitative-statistical research techniques.
The aim of this paper is to present a statistical overview of the literature on public transit efficiency, and to give a statistical explanation for the variation in TE findings reported in the literature.
In the next section the concepts of TE and efficiency frontiers are introduced. In Section 3, the different frontier specification techniques that are encountered in the literature will be discussed. Section 4 will discuss the feasibility of comparing TE studies in a meta-analytical set-up and will address some of the assumptions underlying this paper. Section 5 consists of a statistical exploration of the methodologies and results that are found in the literature. In Section 6 some meta-regression analyses will be performed in order to identify determinants that may help explain the variation in efficiency results that are reported in the literature. Section 7 will conclude with a brief summary and conclusions.
TE and cost or production frontiers
Economists have traditionally distinguished between two sorts of efficiency: TE and allocative efficiency (Viton 1986).
1 In this paper we will focus on TE. This concept relates to the divergence between actual production and production on the boundary of the feasible production set. 2 This set summarizes all technological possibilities of transforming inputs into outputs that are available to the organization. A producer is technically inefficient if production occurs within the interior of this production set. Technical inefficiency can be viewed from two perspectives (Viton 1997). Input-oriented technical inefficiency focuses on the possibility of reducing inputs to produce a given output level. This concept is illustrated for the two input and one output case in Figure 1a .
In Figure 1a , the area above curve y represents the set of feasible input bundles (x 1 , x 2 ) that produce a given output level y. The curve itself represents
